Syntheses of arrays of closely spaced nanostructures with different morphologies have been made possible by the self-assembly of di- and tri-block copolymers. The morphology of these self-assembled domains can be spherical, lamellar or cylindrical based on the volume fraction of the blocks and is attainable on sub-20 nm scale[@b1][@b2][@b3][@b4][@b5][@b6][@b7][@b8][@b9][@b10][@b11]. The versatility of this self-assembly technique has drawn the attention of the high density data storage industry to use it as a scalable, high-throughput and low cost nanofabrication method to fabricate bit patterned media (BPM)[@b12][@b13][@b14]. However, the flexibility provided by self-assembly goes beyond the attainment of features on sub-20 nm scale. The dimension, geometry and interspacing of the blocks are controlled by their molecular weight and by employing a blend of block copolymer and homopolymer[@b15]. Thermal annealing of the block copolymers[@b16][@b17] as well as application of localized electric[@b18] and large amplitude oscillatory shear fields[@b19] to the spin-coated films have been shown to dictate the alignment of blocks. An alternative and rapid route involving solvent vapor annealing of block copolymer films has also proven to be effective in regulating the orientation and morphology of the microdomains[@b20][@b21][@b22][@b23][@b24][@b25]. Long range ordering and strict position control of these features has also been realized through the use of chemically pre-patterned templates[@b1], graphoepitaxy[@b2][@b3], topographical patterns[@b4] or by introducing nanoscopic facets on the surface[@b5]. These diverse features of self-assembly make it an ideal contender for accomplishing the goal of high density patterning of nanostructures. In spite of these advantages, it is not clear as to what factors adversely affect the reliability and reproducibility of self-assembly on different substrate surfaces. It should be noted that almost all the self-assembly studies so far reported are on 'idealized' surfaces such as highly polished silicon or single crystal substrates[@b1][@b2][@b3][@b4][@b5][@b6][@b7][@b8][@b9][@b10][@b11][@b12][@b13][@b15][@b16]. There has hardly been any emphasis on the effect of surface roughness of the substrate on the self-assembly of block copolymers.

Magnetic thin films are produced by magnetron sputtering and they exhibit nanoscopic surface roughness[@b26][@b27]. Depending on the sputtering conditions such as incident power, pressure, temperature and seed-layer, the degree of surface roughness can be varied on an angstrom-scale, giving rise to either continuous or granular magnetic media. Therefore, magnetic media serves as an ideal system for a systematic study of the self-assembly of block copolymers on surfaces with varying roughnesses. In this work, the effect of angstrom-scale surface roughness on the self-assembly of polystyrene-polydimethylsiloxane (PS-b-PDMS) block copolymer using solvent annealing is reported. In addition, the efficacy of self-assembly employing two solvent annealing systems as a function of surface roughness is also studied.

Results
=======

Substrates with varying angstrom-scale roughness
------------------------------------------------

Continuous and granular CoCrPt-SiO~2~, granular FePt-C-Cu and FePt-C magnetic media were prepared by magnetron sputtering. All the layers of CoCrPt-SiO~2~ media were deposited at room temperature. To improve the adhesion of the deposited layers to the glass substrate, a tantalum (Ta) layer was grown on it. Cobalt-tantalum-zirconium (CoTaZr) alloy was employed as the soft magnetic underlayer essential for perpendicular magnetic recording. A second Ta layer was used as the seed-layer to provide a clean and smooth surface to the underlayer. In the case of continuous media, a single ruthenium (Ru) interlayer was deposited at low argon pressure (3 mTorr) to promote a good crystallographic texture of the CoCrPt-SiO~2~ magnetic layer (6 mTorr) \[[Figure 1(a)](#f1){ref-type="fig"}\]. On the other hand, the granular media comprised of two Ru interlayers. The first Ru layer improved the texture, whereas the second Ru layer, grown at a higher argon pressure (60 mTorr), caused grain segregation in the top recording layer (deposited at a pressure of 60 mTorr), leading to a higher surface roughness \[[Figure 1(b)](#f1){ref-type="fig"}\][@b28]. On both continuous and granular CoCrPt-SiO~2~ media, carbon was deposited in hydrogen and nitrogen environment to form a carbon overcoat on top of the media samples.

Granular FePt-C-Cu and FePt-C samples were grown as follows: Chromium-ruthenium (CrRu) alloy deposited at 400°C gave rise to a (002) texture which in turn induced the (001) texture in the FePt alloy through heteroepitaxy. A magnesium oxide (MgO) layer grown at 400°C was introduced as a buffer layer between CrRu and FePt-C-Cu/FePt-C to avoid the diffusion of Cr into the recording layer. Moreover, it also promoted a good crystallographic texture of the recording layer. Both CrRu and MgO were deposited at low argon pressure (1.5 mTorr) to provide a smoother surface to the FePt-C-Cu and FePt-C layers to grow \[[Figure 1(c) and 1(d)](#f1){ref-type="fig"}\]. The MgO layer was RF etched at 50 W for 5 minutes to planarize it further prior to the deposition of FePt-C-Cu and FePt-C layers. FePt-C-Cu was deposited at 400°C and 5 mTorr argon pressure. However, the desired *L1~0~* ordered phase was not attained (see [Supplementary Information](#s1){ref-type="supplementary-material"}). On the other hand, FePt-C was deposited at 600°C and 3 mTorr argon pressure to obtain the *L1~0~* phase. Deposition at elevated temperature was accompanied by grain growth, thereby resulting in higher roughness[@b29].

For the self-assembly of PS-b-PDMS on magnetic media with different surface roughnesses, chemical functionalization of the substrate is essential. Hydroxyl-terminated PS and PDMS brushes serve this purpose by bonding with the native oxide layer on top of the silicon substrates[@b2][@b9]. On surfaces other than silicon, we found TranSpin^TM^ (a proprietary material sold by Molecular Imprints, Inc.) to be an alternative choice. TranSpin is used as an adhesion promoter and for planarizing silicon wafers in step-and-flash nanoimprint lithography[@b30]. TranSpin has a water contact angle of 83° which is very close to that of PS (\~90°)[@b31] than of PDMS (110°)[@b32]. From the wetting properties, it can be inferred that PS and TranSpin have similar surface energies. Therefore, TranSpin will have more interfacial interaction with PS than with PDMS. This causes PS, the major block, to form a matrix. In contrast, the PDMS block organizes into spherical dots. When TranSpin was spin-coated at 3000 rpm and baked at 195°C for 90 seconds, an organic layer of \< 2 nm thickness was obtained. Ellipsometry measurement indicated the thickness of the planarizing layer to be \~1.7 nm. During solvent annealing, this thin organic layer enhances the chain mobility of the blocks by providing them with a softer platform. TranSpin also modifies the surface roughness of magnetic media to a small extent and enables the study of self-assembly of PS-b-PDMS on a wider range of surfaces. More importantly, TranSpin eliminates any effect on self-assembly, apart from the surface roughness arising from the magnetic media underneath.

The topographies of the continuous and granular media samples were studied using SEM and AFM. [Figure 2](#f2){ref-type="fig"} and [Table I](#t1){ref-type="table"} show root mean square roughnesses (i.e., R~rms~) of different magnetic media exhibiting angstrom-scale variation. Another roughness parameter which can be considered is the peak-to-peak mean roughness depth (R~t~). R~t~ provides information regarding the coating quality of a material. From both R~rms~ and R~t~ values, it can be inferred that a more plateau surface is achieved after coating the media structures with TranSpin.

Effect of roughness on the self-assembly of PS-b-PDMS
-----------------------------------------------------

The self-assembly of PS-b-PDMS was carried out on as-deposited samples as well as on samples coated with a layer of TranSpin. The results are shown in [Figure 3](#f3){ref-type="fig"}. High resolution insets shown in [Figure 3](#f3){ref-type="fig"} were used to compute their corresponding Fast Fourier Transform (FFT) images ([Figure 4](#f4){ref-type="fig"}). On continuous CoCrPt-SiO~2~ media without any TranSpin underlayer (R~rms~ = 3.3 Å), the dots did not appear to be well separated when solvent annealed in tetrahydrofuran (THF). This is because THF preferentially swelled PS more than PDMS, and therefore, the PDMS block did not have enough mobility to form dots. However, when the 6:1 toluene-heptane solvent mixture was employed for annealing, the self-assembly showed marginal improvement with some PDMS dot patterns exhibiting partial isolation from one another. On the other hand, spherical dots were clearly visible when self-assembly of PS-b-PDMS was carried out on the TranSpin-coated continuous media samples (R~rms~ = 2.4 Å) and solvent annealed in THF and the 6:1 toluene-heptane mixture. Apart from reducing the surface roughness, the TranSpin layer also increased chain mobility of the blocks, thereby enabling self-assembly. This is also evident as the first- and higher-order peaks in the corresponding FFT images became sharper ([Figure 4](#f4){ref-type="fig"}). Not surprisingly, a similar trend was also observed when self assembly of PS-b-PDMS was carried out on the Si wafer surface (R~rms~ = 1.5 Å) which is smoother than continuous CoCrPt-SiO~2~ media samples (see [Supplementary Information](#s1){ref-type="supplementary-material"}).

On a slightly rougher granular CoCrPt-SiO~2~ magnetic media (R~rms~ = 4.7 Å), without the TranSpin underlayer, solvent annealing in THF barely showed the appearance of dots. However, on the TranSpin-coated samples (R~rms~ = 3.3 Å), a marginal improvement in the self-assembly in THF vapor was observed, perhaps due to increased chain mobility. The existence of partial self-assembly was confirmed by the presence of first-order spots in the FFT image ([Figure 4](#f4){ref-type="fig"}). Comparing the block copolymer self-assembly using THF vapor on the TranSpin-coated continuous and granular CoCrPt-SiO~2~ magnetic media, it was seen that the latter\'s slightly higher roughness hindered phase separation of the individual blocks. When the 6:1 toluene-heptane mixture was used for solvent annealing, an excellent self-assembly was observed on the granular magnetic media ([Figure 3](#f3){ref-type="fig"}). Unsurprisingly, the FFT of the self-assembled dots showed sharp first- and higher-order spots. However, a slightly diffused halo around the first-order spots was observed in the case of TranSpin-coated granular CoCrPt-SiO~2~ media, suggesting a minor degradation in self-assembly. The preferential swelling of PS by toluene and PDMS by heptane enabled the blocks to override the roughness barrier and consequently phase separate distinctly. In the TranSpin-coated continuous and granular media, cylinders along with the dots were observed when solvent annealed in the 6:1 toluene-heptane mixture. Heptane uptake by the PDMS block on continuous media increases its effective volume fraction, thus tending to change its morphology from spherical to lamellar, as suggested by the phase diagram[@b23].

The surface roughness rose to R~rms~ = 6.5 Å when the magnetic media was changed to FePt-C-Cu. Self-assembly was *only seen* on the TranSpin-coated FePt-C-Cu substrate (R~rms~ = 4.5 Å) when the block copolymer was solvent annealed in the 6:1 toluene-heptane mixture. However, the dots did not appear perfectly spherical as had been observed previously on the TranSpin-coated continuous and granular CoCrPt-SiO~2~ media surfaces. Therefore, this can be viewed as a gradual deterioration of the self-assembly of PS-b-PDMS with increasing surface roughness ([Figure 3](#f3){ref-type="fig"}). This is reinforced by the fact that, unlike continuous and granular CoCrPt-SiO~2~ media surfaces, the FFT image of self-assembly on TranSpin-coated granular FePt-C-Cu showed first-order and extremely weak higher order spots. Solvent annealing of PS-b-PDMS on as-deposited and TranSpin-coated FePt-C-Cu employing THF vapor resulted in the formation of randomly oriented connected dots. Similar observation was also made when the block copolymer, spin-coated on the as-deposited sample, was annealed in the 6:1 toluene-heptane vapor. However, a few isolated dots were seen amongst the connected dots. This is most likely due to heptane providing the PDMS block a slight increase in chain mobility to attempt to form dots.

The SEM images of self-assembly of PS-b-PDMS on as-deposited continuous CoCrPt-SiO~2~ and granular FePt-C-Cu media samples showed the appearance of randomly connected dots when annealed in the THF vapor. The dots on continuous CoCrPt-SiO~2~ media were on the verge of separating from one another. However, the PDMS block could not segregate completely into dots due to lack of the required chain mobility which has been shown to be provided by the use of the TranSpin layer. On the other hand, the dots on the FePt-C-Cu media tend to aggregate rather than moving apart due to the higher surface roughness. Spinning a layer of TranSpin on the sample surface did not reduce the surface roughness significantly. Hence, the dots remained randomly connected. Similar observation was made for self-assembly on the *bare* samples employing 6:1 toluene-heptane mixture. As R~rms~ was increased from 3.3 Å to 4.7 Å, the dots appeared fainter. However, when R~rms~ rose to 6.5 Å, randomly connected dots came into existence. It may be conjectured that the energy required by the PDMS block to surmount the energy barrier posed by the increased surface roughness was higher than the energy cost involved in remaining in an agglomerated form. This is supported by the FFT images of the self-assembly which show the presence of weak first-order spots, suggesting the absence of ordered dots ([Figure 4](#f4){ref-type="fig"}).

The FePt-C film is the roughest among the four magnetic media prepared for this study ([Figure 2](#f2){ref-type="fig"}). The roughness arising from bare FePt-C media (R~rms~ = 8.6 Å) was modified by applying one (R~rms~ = 8.2 Å) and five layers of TranSpin (R~rms~ = 5.0 Å). At R~rms~ = 5.0 Å, there was no indication of self-assembly of PS-b-PDMS on FePt-C samples when annealed in the THF solvent vapor. In the case of 6:1 toluene-heptane solvent system, the phase separation of the blocks appeared to be restricted by the high surface roughness of the media, resulting in an appearance of randomly connected dots. However, when the amount of heptane was increased twofold in the solvent mixture spherical dots were seen with a weak footing on the magnetic grains and they sparsely populated the sample (see [Supplementary Information](#s1){ref-type="supplementary-material"}). On surfaces with R~rms~ \> 5.0 Å, no self-assembly was observed and their topography appeared similar to that of bare FePt-C surface ([Figure 3](#f3){ref-type="fig"}). The FFT image showed a diffused halo ([Figure 4](#f4){ref-type="fig"}). This observation can be attributed to the immobility of PS-b-PDMS block copolymer, leading to its conformation onto such rough surfaces. The presence of the TranSpin layer seems to be ineffective to enable the block copolymer to overcome the barrier posed by the surface roughness.

Discussion
==========

The self-assembly of PS-b-PDMS is kinetically hindered by surface roughness. Solvent annealing of the blocks is an effective way to swell them, improve their chain mobility and thus alleviate the impediment posed by surface roughness. When THF was employed for solvent annealing on the TranSpin-coated continuous CoCrPt-SiO~2~ media, it preferentially swelled up the PS block. The PDMS block, in contrast, to avoid unfavourable interaction with THF, aggregated into spherical dots. On the granular CoCrPt-SiO~2~ media coated with TranSpin, the PDMS block lacked sufficient mobility to overcome the roughness-induced blockade and organize into dots. However, on switching the solvent annealing system from THF to the 6:1 toluene-heptane mixture, the PDMS block became mobile enough to self-assemble into dot patterns. PDMS is soluble in heptane and by deriving the required energy from interaction with the latter, it was able to surmount the kinetic hindrance.

Faintly visible dots, as seen on the TranSpin-coated granular CoCrPt-SiO~2~ media, disappeared on a slightly rougher FePt-C-Cu surface when the block copolymer was annealed in the THF vapor, and were replaced by the randomly connected dots. On the other hand, using the 6:1 toluene-heptane mixture for solvent annealing provided the blocks with sufficient amount of energy to override the slight increase in roughness and self-assemble into dot-like features, albeit not perfectly spherical.

However, when R~rms~ reached close to 5.0 Å, mobility of both the blocks was reduced even further, thus destroying self-assembly. Increasing the amount of heptane in toluene-heptane mixture did not appear to improve the self-assembly on such rough surfaces. Therefore, the effectiveness of a solvent system to induce self-assembly of PS-b-PDMS is limited by surface roughness. The FFT images of self-assembly also show a trend indicating the degradation of self-assembly with increasing surface roughness. The surface with least roughness shows sharp first- and higher-order spots. However, with increasing surface roughness, a diffused halo appears around the first-order spots and the higher-order spots disappear. When the R~rms~ \> 5.0 Å, only the diffused halo remains.

In a block copolymer, the chains are usually in the form of a collapsed globule. It has been suggested that solvent diffusion through the film creates a concentration gradient perpendicular to the film surface which enables the transition of the block copolymer film from a disordered to an ordered state from the substrate to the air surface[@b20][@b21]. In our case, the block copolymer film closest to the bottom has to move over the surface roughness barrier first and undergo a transition to the ordered state. This transition is then propagated upwards throughout the entire film. However, if the surface roughness becomes insurmountable for the block copolymer film closest to the substrate surface during solvent annealing, the ordering is no longer observed. This results in the block copolymer conforming to the surface of magnetic media.

Block copolymers self-assemble in various morphologies on a substrate. Our study has shown that the surface roughness of a substrate plays an important role in governing the self-assembly. Just like the changes observed in spherical morphology of PS-b-PDMS with increasing roughness of the substrate, the lamellar morphology is also affected. However, the lamellar structures face a consequence which is different to the spherical morphology when surface roughness of the substrate is increased (see [Supplementary Information](#s1){ref-type="supplementary-material"}).

Self-assembly is a process which exhibits a balance of the intermolecular forces between the homopolymer units and the chemical interaction of these units with the solvent system used for annealing. Qualitatively, the Gibbs free energy model is often used to describe the thermodynamics of self-assembly[@b25][@b33] where is the enthalpy change taking place due to the intermolecular forces between the covalently bonded assembling units as well as their interaction with the solvent vapor causing the phase separation of the blocks. is the entropy change taking place in the system as the polymer units arrange from a disordered to an ordered state and is negative. Hence, to achieve self-assembly on a surface, the Gibbs free energy change, , must be negative as the system goes from a disorder-to-order transition. Therefore, should be negative and in excess of the other counter-balancing term in the equation, i.e., [@b33]. This free energy model for self-assembly assumes a *smooth ideal surface* and only involves the intermolecular interactions between the two blocks in a copolymer and solvent vapor.

However, when the self-assembly process with the same block copolymer and solvent system is carried out on surfaces with finite roughness values, the free energy model with above parameters cannot explain the experimental observation of the gradual degradation of self-assembled structures with increasing roughness of the substrates. Therefore, we introduce a term which represents the additional energy required by the polymer chains to diffuse over the corrugated surface. Taking into account the energy barrier posed by surface roughness, the modified Gibbs free energy model can be expressed as where .

For self-assembly to be a spontaneous process on a substrate surface exhibiting roughness

In other words, must be negative, suggesting that is negative and exceeds the absolute value the entropy term . However, when the surface roughness exceeds certain critical value then becomes positive, leading to the ceasing of self-assembly and the block copolymer conforming to the substrate surface.

In conclusion, the self-assembly of PS-b-PDMS using solvent annealing was studied on substrate surfaces with R~rms~ ranging from 2.4 Å to 8.6 Å. The smoothest surface was achieved by coating the continuous CoCrPt-SiO~2~ media with a layer of TranSpin. Phase separation was easily observed on these substrates when THF and 6:1 toluene-heptane solvent annealing systems were used. In contrast, self-assembly on the bare continuous CoCrPt-SiO~2~ media displaying a slightly higher roughness resulted in poorly ordered dots. This suggests the necessity to use TranSpin to provide the polymer chains with a softer platform for improved chain mobility leading to the phase separation. When the surface roughness of the TranSpin-coated substrate was increased to 3.3 Å, well-segregated dots could no longer be observed on the surface when annealed using THF. Here the solvent was not able to provide the minor PDMS block sufficient energy to move over the rougher surface which kinetically hindered the formation of the dots. On the other hand, the 6:1 toluene-heptane solvent annealing system succeeded in providing self-assembly on the TranSpin coated-surfaces with roughness \> 2.4 Å, but a slight deterioration in the shape of the dots was observed as roughness was increased to 4.5 Å. For roughnesses above 5.0 Å, the 6:1 toluene-heptane solvent annealing system was ineffective in obtaining the desired spherical morphology. Therefore, the ability of a solvent system to swell individual blocks to overcome the surface roughness barrier reaches a limit when the roughness exceeds certain critical value. At this point self-assembly fails and the block copolymer conforms to the substrate surface.

Nanofabrication by conventional techniques such as optical, electron and nanoimprint lithographies show good reliability and reproducibility[@b34]. The former two, due to the availability of good depth of focus and ability to pattern thick resists, are quite immune to the presence of surface roughness. On the other hand, nanoimprint lithography, especially using soft molds, can be used to imprint rough and uneven surfaces. Self-assembly, unlike conventional lithography methods, enables the creation of nanopatterns through physical movement of the polymer chains in a block copolymer. Our work has clearly shown that such a movement is sensitive to angstrom-scale surface roughness and its increase may result in lowering of the reliability and reproducibility of self-assembly as a nanofabrication technique. Furthermore, a systematic investigation of the effect of surface roughness on self-assembly may be essential before it is employed as a reliable high density nanofabrication method. For example, in the case of BPM, \~20 nm features as obtained by self-assembly of PS-b-PDMS block copolymer will provide an areal density of \~400 Gb/in^2^ on a surface with R~rms~\<5 Å. To achieve areal densities of 1 Tb/in^2^ and beyond in BPM, the bit size has to shrink to \<12 nm. If self-assembly of block copolymers is employed to achieve such high areal densities and small bit sizes, we speculate that tighter control over the surface roughness of magnetic media will become necessary.

Methods
=======

Magnetic media fabrication and characterization
-----------------------------------------------

CoCrPt-SiO~2~ media samples were grown on 0.5 mm thick glass substrates in a BPS Circulus M12 magnetron sputtering system. Granular FePt-C-Cu and FePt-C media samples were grown in an AJA Orion sputtering system. The size of all the media samples was 1 cm × 1 cm. X-ray diffraction, magneto-optical Kerr effect and alternating gradient force magnetometer were used to characterize the deposited films for their orientation and measuring out-of-plane coercivity.

PS-b-PDMS block copolymer preparation and its solvent annealing
---------------------------------------------------------------

PS-b-PDMS of molecular weight 51.5 kg/mol with PDMS volume fraction of 16% was chosen for the study as it leads to spherical morphology of the PDMS block in PS matrix[@b2]. The presence of silicon in PDMS provides a high etch selectivity between the blocks. Moreover, the Flory-Huggins factor for phase separation of the blocks is large (0.26) compared to other block copolymers.

A 2.1 wt% solution of PS-b-PDMS in toluene was spun on the magnetic media (with or without TranSpin) to give \~54 nm thick film. The block copolymer film was solvent annealed in tetrahydrofuran (THF) and 6:1 toluene-heptane solvent mixture for 9 hours. This was followed by a two-step etching process. A thin layer of PDMS surfaces above the PS matrix and needs to be removed to be able to observe the dots underneath. CF~4~ plasma (3 sccm) at 50 W was used for 5 seconds to remove the top PDMS layer. This was followed by O~2~ plasma (20 sccm) at 90 W for 20 seconds to remove the PS matrix and oxidize the PDMS dots to SiO~2~.

Surface characterization of magnetic media
------------------------------------------

A JEOL JSM6700F field-emission scanning electron microscope (FE-SEM) was used to acquire high resolution images of as-prepared as well as self-assembled structures. For roughness measurements, a Digital Instruments Nanoscope® IV atomic force microscope (AFM) was used in the tapping mode. Roughness data was extracted using Nanoscope Analysis software (supplied by Veeco Instruments). On each sample, a scan area of 2 µm × 2 µm was selected. To remove any tilt of the sample surface, a first-order plane fit was applied. For roughness analysis of an image, statistical values were calculated according to the heights of the pixel in the image. Two roughness parameters were studied - root mean square roughness (R~rms~) and peak-to-peak mean roughness depth (R~t~). R~rms~ is the root mean square average of the height deviation from the mean image data plane. R~t~ is the average distance between the highest peak and lowest valley measured from the mean image data plane. The values of R~rms~ and R~t~ shown in [Table I](#t1){ref-type="table"} represent mean and standard deviation from eight scans at different locations on the sample.
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![Schematic representation of different layers of (a) continuous CoCrPt-SiO~2~, (b) granular CoCrPt-SiO~2~, (c) granular FePt-C-Cu and (d) granular FePt-C magnetic media.](srep00617-f1){#f1}

![SEM and AFM images of the magnetic media with and without the TranSpin layer.\
The surface roughness of granular FePt-C magnetic media is reduced to 8.2 Å (R~rms~) when coated with a layer of TranSpin. The R~rms~ was further reduced to 5.0 Å when five layers of TranSpin were spin-coated on the granular FePt-C media.](srep00617-f2){#f2}

![SEM images of the self-assembly of PS-b-PDMS on magnetic media with varying surface roughnesses and solvent annealed in THF and 6:1 toluene-heptane solvent systems.\
The surface roughness of granular FePt-C magnetic media was modified by spin-coating one and five layers of TranSpin to achieve R~rms~ of 8.2 Å and 5.0 Å, respectively.](srep00617-f3){#f3}

![Fast-Fourier transform images of self-assembly of PS-b-PDMS on magnetic media with varying surface roughnesses and solvent annealed in THF and 6:1 toluene-heptane solvent systems.\
These images were computed from their corresponding high resolution insets shown in [Figure 3](#f3){ref-type="fig"}.](srep00617-f4){#f4}

###### Root mean square (RMS) roughness (R~rms~) and peak-to-peak mean roughness depth (R~t~) of magnetic media calculated using AFM scans. The values of R~rms~ and R~t~ represent mean and standard deviation from eight scans (scan area = 2 µm × 2 µm) at different locations on the sample. Unless stated, only one layer of TranSpin was coated

                                             Continuous CoCrPt-SiO~2~   Granular CoCrPt-SiO~2~   Granular FePt-C-Cu   Granular FePt-C                                              
  ----------------------------------------- -------------------------- ------------------------ -------------------- ----------------- ---------- ---------- ---------- ---------- ----------
  R~rms~: Root mean square  roughness (Å)            3.3±0.1                   2.4±0.2                4.7±0.2             3.3±0.1       6.5±0.3    4.5±0.1    8.6±0.1    8.2±0.1    5.0±0.2
  R~t~: peak-to-peak roughness (Å)                   9.9±0.3                   7.2±0.3                13.0±0.6            9.2±0.5       22.2±0.7   14.2±0.1   26.0±0.2   25.0±0.4   15.0±0.1
